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(57) ABSTRACT

A technology for realizing real-time frequency hopping 1n an
environment containing a plurality of masters. A game
machine includes a plurality of communication modules
which carry out the frequency hopping, and a control section
which controls communication by the communication mod-
ules. The control section controls the frequency hopping of at
least one communication module to prevent frequency chan-
nels used by the plurality of communication modules from
temporally overlapping. As a method for achieving the con-
trol, for example, a frequency band may be divided, and a
divided frequency band may be assigned to each communi-
cation module. Alternatively, each communication module
may use the same reference hopping pattern by shifting its
phase, or may use the reference hopping pattern by adding a
predetermined oifset.

10 Claims, 7 Drawing Sheets
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COMMUNICATION DEVICE, METHOD FOR
CONTROLLING COMMUNICATION, GAME
MACHINE, AND GAME SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a communication technol-
ogy, and 1n particular relates to a technology for realizing
wireless communication between a master and a slave by
frequency hopping spread spectrum.

2. Description of the Related Art

A game machine and a controller for the game machine
operated by a user were generally connected via a cable, but
a system for establishing a radio channel between the game
machine and the controller has been proposed in recent years.
By using a wireless controller, a user can enjoy a game in free
posture.

The conventionally proposed system 1s on the precondition
that a wireless communication device provided 1n the game
machine 1s wireless connected to the wireless controller via
one-to-one radio connection and a connection partner 1s
uniquely decided. Thus, when a plurality of users use the
wireless controllers, 1t 1s necessary to provide the dedicated
communication devices, each of which is assigned to each
wireless controller, 1n the game machine on a per-wireless
controller basis. Accordingly, the user has to always prepare
the wireless controller and the wireless communication
device for connecting the wireless controller to the game
machine 1n a patir, so that the use of the wireless controller 1s
troublesome.

Frequency hopping spread spectrum 1s one of methods for
realizing wireless communication. The frequency hopping
spread spectrum 1s a spectrum spread communication
method, in which a wide frequency band 1s divided into plural
to set channels, and communication 1s carried out by switch-
ing the channels. In Japan, Bluetooth has 79 channels, which
are set 1n a wide band of 2.4 GHz (2402 to 2480 MHz) every
1 MHz, and communication 1s carried out by switching the
channels for 1600 times per second. When a transmission
error occurs due to the collision of signals using the same
frequency, the same data 1s retransmitted after hopping to
another frequency.

As types of collision of a Bluetooth signal, collision with a
signal on IEEE802.11b standards, collision with noise emit-
ted from a microwave oven, collision with noise existing in
the same frequency band as the Bluetooth and the like are
supposed. In the case where a plurality of masters form pico-
nets whose signal communication ranges are overlapped
mutually, collision between the Bluetooth signals 1s also sup-
posed. A hopping pattern 1s uniquely determined in each
piconet, and hence the probability of the collision between the
Bluetooth signals 1s not high. A Bluetooth communication
system, however, 1s built upon a principle that communica-
tion quality 1s maintained by retransmitting the signal, even 1
the collision occurs. When there are two piconets 1n the same
arca, the probability of the occurrence of interference
between the piconets 1s one 1n /9.

In the game system, when the wireless communication
between the game machine and a plurality of wireless con-
trollers 1s realized by the frequency hopping spread spectrum,
it 1s necessary to consider latency, that 1s, delay 1n the trans-
mission of data. Particularly, in a game much requiring real-
time communication such as a fighting game, 1t 1s necessary
to minmimize communication delay. If the latency becomes
worse, the game application cannot be operated well. There-
tore, when the frequency hopping spread spectrum 1s used 1n
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communication environment which requires real-time com-
munication, controlling the system to avoid an transmission
error 1s better than controlling the system to retransmait data
when the transmission error occurs due to the collision of
signals.

SUMMARY OF THE INVENTION

To solve the foregoing problems, an aspect of the present
invention provides a communication device. The communi-
cation device comprises a plurality of masters capable of
wireless connecting to a slave by frequency hopping spread
spectrum and a control section which controls frequency
hopping of at least one of the masters. The master 1s a device
which controls communication, and the slave 1s a device to be
controlled.

Another aspect of the present invention provides a com-
munication device. The communication device comprises an
attachment section which attaches at least one master which
1s capable of wireless connecting to a slave by frequency
hopping spread spectrum and a control section which controls
frequency hopping of at least one of the masters, 1n a state that
the at least one master 1s attached to the attachment section.

Further another aspect of the present invention provides a
game machine. The game machine comprises a plurality of
communication modules capable of wireless connecting to
wireless controllers by frequency hopping spread spectrum
and a control section which controls frequency hopping of at
least one of the communication modules.

Further another aspect of the present invention provides a
game system including a game machine and wireless control-
lers for the game machine. The game machine comprises a
plurality of communication modules capable of wireless con-
necting to the wireless controllers by frequency hopping
spread spectrum and a control section which controls fre-
quency hopping of at least one of the communication mod-
ules.

Further another aspect of the present invention provides a
game system including a game machine and wireless control-
lers for the game machine. The game machine comprises an
attachment section which attaches at least one communica-
tion module which 1s capable of wireless connecting to the
wireless controllers by frequency hopping spread spectrum
and a control section which controls frequency hopping of at
least one of the communication modules, 1n a state that the at
least one communication module 1s attached to the attach-
ment section.

Further another aspect of the present invention provides a
method for controlling communication which realizes com-
munication between a master and a slave 1n an environment
where there are a plurality of masters communicating by use
of frequency hopping spread spectrum, the method compris-
ing controlling frequency hopping of at least one of the mas-
ters so that collision probability of signals 1s lower than that in
a case where the plurality of the masters carry out frequency
hopping without being controlled.

Further another aspect of the present invention provides a
program for making a computer, which controls a plurality of
masters communicating by use of frequency hopping spread
spectrum, execute the function of determining a hopping
frequency channel of at least one of the masters so that col-
lision probability of signals 1s lower than that 1n a case where
the plurality of masters carry out frequency hopping without
being controlled.

It should be noted that applicable aspects of the present
invention also include any combinations of the foregoing
components, as well as ones 1n which the components and
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expressions of the present invention are replaced among
methods, apparatuses, systems, recording media, computer
programs, €1c.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a drawing showing the entire configuration of a
game system according to an embodiment;

FI1G. 2 1s a drawing showing the configuration for realizing
the communication function of a game machine;

FIG. 3 1s a drawing showing an example of the configura-
tion for carrying out communication by frequency hopping
spread spectrum 1n the game system;

FIG. 4A 1s a drawing showing a frequency band (2402
MHz to 2480 MHz) in Bluetooth, FIG. 4B i1s a drawing
showing a state in which the frequency band 1s divided 1n two,
FIG. 4C 1s a drawing showing a state in which the frequency
band 1s divided into quarters, and FIG. 4D 1s drawing showing
a state 1n which inference occurs by a signal from other
equipment;

FIG. 5 1s a drawing showing a hopping sequence;

FIG. 6 1s a drawing showing another hopping sequence;
and

FIGS. 7A and 7B are tables showing frequency channels of
two masters, when bits of them are inverted.

DETAILED DESCRIPTION OF THE INVENTION

This embodiment aims to provide a communication tech-
nology for preventing or reducing interference between sig-
nals 1n using frequency hopping spread spectrum.

FIG. 1 shows the entire configuration of a game system 1
according to this embodiment of the present invention. The
game system 1 has the function of a communication system
which realizes wireless communication between a master and
a slave. The game system 1 according to this embodiment
comprises wireless controllers 10a, 105, 10c¢, 104, 10e, 107,
10¢, and 10/ (hereinafter called “wireless controllers 10,” 1f
they are collectively called), which carry out wireless com-
munication with a game machine 20 as input interfaces from
users. The eight wireless controllers 10 are illustrated 1n the
drawing, but the number of the wireless controllers 10 1s not
limited to this. The number of the wireless controllers 10 may
be seven or less, or may be nine or more. The game machine
20 1s a commumnication device having a wireless communica-
tion function. The wireless controller 10 1s a terminal device
having a wireless communication function. The wireless con-
troller 10 communicates with the game machine 20. The
game machine 20 generates AV (audio visual) data of a game
in accordance with game operation commands from the users,
which are transmitted through the wireless controllers 10. An
output device 30 including a display 32 and a speaker 34
receives the AV data of the game from the game machine 20
through a network 40 to display game 1images 1n the display
32 and output game sound from the speaker 34. In the game
system 1, it 15 necessary to carry out at least one communi-
cation per so second between the game machine 20 and the
wireless controller 10 1n a normal processing mode, that is a
round trip 1s realized within /60 second, 1n accordance with
relations with a frame rate of the display 32.

The game machine 20 may be connected to the output
device 30 via a cable, or may be wireless connected thereto.
The network 40 for connecting the game machine 20 and the
output device 30 may take the form of a home network, which
1s composed of, for example, a network (LAN) cable, a wire-
less LAN, or the like. When the game machine 20 1s wireless
connected to the output device 30, 1t 1s possible to relatively
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4

freely set up the game machine 20 and the output device 30,
as compared with a case where the game machine 20 1is
connected to the output device 30 via the cable or the like.
Therefore, the users can enjoy the game location-iree.

The wireless controllers 10 are wireless connected to the
game machine 20 by the frequency hopping spread spectrum.
As a communication protocol which adopts the frequency
hopping spread spectrum, there 1s, for example, Bluetooth.
The game machine 20 1s capable of wireless connecting to the
plurality of wireless controllers 10. In other words, the game
system 1 realizes 1-to-N communication between the game
machine 20 and the wireless controllers 10. The game
machine 20 according to this embodiment comprises a plu-
rality of communication modules and a control section which
controls communication by the plurality of communication
modules. Each of the plurality of communication modules
has the function of connecting with the plurality of wireless
controllers 10. In the game system 1, the communication
module provided 1n the game machine 20 functions as a host
machine, that 1s, a master, and the wireless controller 10
functions as a slave.

FIG. 2 shows structure for realizing the communication
function of the game machine 20. The game machine 20
comprises communication modules 24a and 2456 (hereinafter
called “communication modules 24 i1 they are collectively
called) which are capable of wireless connecting to the slaves,
and a control section 22 which controls the communication
function of communication modules 24 which transmit and
receive imformation signals. The game machine 20 may be
provided with three or more communication modules 24.

The communication function according to this embodi-
ment 1s realized 1n the game machine 20 by a CPU, a memory,
a program loaded into the memory, and the like, and FIG. 2
shows functional blocks realized by the cooperation of them.
The program may be installed 1n the game machine 20, or may
be provided from the outside in the form of a recording
medium having stored the program. Therefore, one skilled in
the art understands that these functional blocks are realized in
various forms by only hardware, only software, or combina-
tions thereof. When the communication function by the con-
trol section 22 1s installed 1n the communication module 24 as
one of the functions thereol, the program may be installed 1n
the communication module 24, namely, the master.

The plurality of communication modules 24 substantially
have the same communication ability, and wireless commu-
nication ranges thereol are overlapped with each other. The
plurality of communication modules 24 are physically dis-
posed 1n positions extremely near to each other, as compared
with their communication ranges, and their wireless commu-
nication ranges may be substantially the same. Accordingly,
in the game system 1, the wireless controller 10 exiting in the
communication range of the communication module 24q also
exists 1 the communication range of the communication
module 245 so that the wireless controller 10 1s connectable to
one of the communication module 24a and the communica-
tion module 245. The control section 22 1s separate from the
communication modules 24 as shown in the drawing. The
control section 22, however, may be installed 1n the function
of one communication module 24, to control the communi-
cation of the other communication module 24.

The communication modules 24 may be installed 1n a
housing of the game machine 20, or may be connected to the
game machine 20 from outside. In the latter case, the game
machine 20 has at least one attachment section for attaching
the communication modules 24, and the control section 22
controls the communication of at least one communication
module 24 when the communication module 24 1s attached to
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the attachment section. All communication modules 24 may
be installed in the housing of the game machine 20. Other-
wise, part of the communication modules 24 or all commu-
nication modules 24 may be connected to the control section
22 via the attachment sections. The game machine 20, for
example, may contain the single communication module 24
in 1ts housing when being shipped, and furthermore, may
have the one or more attachment sections, through which the

communication modules can be added. When all communi-
cation modules 24 are connected through the attachment sec-
tions, the control section 22 may be installed in a housing of
an adapter, which contains any or all of the communication
modules 24.

In this embodiment, the control section 22 controls the
frequency hopping of at least one communication module 24.
Though details will be described later on, the control section
22 determines a frequency channel of at least one of the
communication modules 24. To be more specific, in this
embodiment, the control section 22 controls the frequency
hopping of at least one of the communication modules 24 so
that two or more communication modules 24 do not use the
same Irequency channel simultaneously. It 1s preferable that
two or more communication modules 24 do not use the same
frequency channel simultaneously, but such a configuration
may not always be required. In that case, the control section
22 may determine the frequency channel, on which at least
one communication module 24 hops, so that the collision
probability of signals i1s lower than that in a case where the
plurality of communication modules 24 carry out the fre-
quency hopping without being controlled. In the case of
Japan, when the two communication modules 24 exist in a
certain environment, the control section 22 controls the fre-
quency hopping of one of the communication modules 24 so
as to reduce the collision probability less than 4oth. Thus, 1n
an environment 1 which the plurality of communication
modules 24 exist and communication has to be carried out
once every Yso second, it 1s possible to realize stable commu-
nication, as compared with a case where each communication
module 24 randomly carries out communication by its own
hopping pattern.

FIG. 3 shows an example of the configuration for carrying
out communication by the frequency hopping spread spec-
trum 1n the game system 1. For convenience of explanation, a
configuration as a sender 1s shown as the communication
module 24 of the game machine 20, and a configuration as a
receiver 1s shown as a communication module 60 of the
wireless controller 10. As a matter of course, however, the
game machine 20 and the wireless controller 10 have both the
configurations of the sender and the recerver.

In the communication module 24 of the sender, transmis-
sion data 1s sent from the control section 22, and a primary
modulator 50 primarily modulates a data signal by PSK or the
like. A hopping pattern generator 52 generally generates a PN
(pseudo noise) series of spread spectrum code, and a fre-
quency synthesizer 54 switches carrier frequencies, that 1s,
the frequency channels at regular intervals in accordance with
the spread spectrum code. The hopping pattern, which 1s a
cyclic pattern with a predetermined interval, indicates an
order of switching the frequency channels. A spread spectrum
modulator 56 modulates the frequency of a primary modula-
tion signal i accordance with output from the frequency
synthesizer 54. Switching (hopping) the frequency channels
of the data signal 1n accordance with the spread spectrum
code makes 1t possible to realize a spread spectrum modula-
tion method which uses a wider occupied frequency band-
width than a base bandwidth of the data signal.

10

15

20

25

30

35

40

45

50

55

60

65

6

In the communication module 60 of the recetver, a hopping
pattern generator 64 generates the same spread spectrum code
as that of the sender, and a frequency synthesizer 66 switches
frequency channels at regular intervals 1n accordance with the
spread spectrum code. A spread spectrum demodulator 62
converts the frequency of a received signal to carry out spread
spectrum demodulation, by synchronizing phases of the hop-
ping patterns of the recerver and the sender, and making a
carrier frequency output from the frequency synthesizer 66
equal to the carrier frequency of the received signal. A signal
demodulator 68 demodulates the received signal which 1is
subjected to the spread spectrum demodulation.

The frequency synthesizer 54 may use a DDS circuit. The
DDS circuit varies a frequency 1n accordance with a digital
signal. Taking a case where the hopping pattern generator 52
outputs a PN code, for example, the DDS circuit may serial-
parallel convert the PN code so that a frequency 1s deter-
mined. This serial-parallel conversion 1s carried out by suc-
cessively assigning bits input 1n series to lower-order bits, 1n
order of being input. In the case of a serial mput signal of
“1011010,” a signal input 1mnto the DDS circuit in parallel 1s
“0101101”. This parallel 1input signal 1s processed as 7-bit
data expressing a binary number. A value of the binary num-
ber “0101101” 1s equal to a decimal number “45”, and there-
fore, a frequency output from the DDS circuit becomes 45
MHz, according to the simplest example.

In the Bluetooth, of Bluetooth addresses which a master
umquely has, a LAP (lower address part) of 24 bits and an
UAP (upper address part) of 4 bits, that 1s, 28 bits 1n total are
used as the spread spectrum code. The frequency synthesizer
54 determines and outputs a frequency on the basis of the sum
of a Bluetooth clock and a phase offset. A hopping pattern 1s
determined on the basis of the address information of the
master so that the hopping pattern generators 32 and 64 can
generate the hopping pattern specific to the master.

Returning to FIG. 2, in thus embodiment, as described
above, each communication module 24 carries out wireless
communication with the wireless controllers 10 by the fre-
quency hopping. Each communication module 24 can gener-
ate the specific hopping pattern as the master. When the
hopping patterns are used without being controlled, the col-
l1s10n of transmission signal may occur 1f the same frequency
channel 1s used 1n two or more masters. Thus, the control
section 22 controls the frequency hopping of at least one
master to prevent two or more masters from using the same
frequency channel at the same timing. Accordingly, high
speed communication 1s realized 1n the game system 1 by
reducing the number of data retransmission or not carrying
out the data retransmission, and hence it 1s possible to
improve the reaction speed of the game. The communication
module 24a will be hereinafter called a “master A,” and the
communication module 245 will be called a “master B.”

FIG. 4A shows a frequency band (2402 MHz to 2480 MHz)
assigned to the frequency hopping in the Bluetooth. In the
Bluetooth, the frequency band of 2.4 GHz 1s divided into 79
frequency channels every 1 MHz, and communication 1s car-
ried out by switching the channels for 1600 times per second.

FIG. 4B shows a state in which the frequency band 1s
divided 1n two. In a first embodiment, the control section 22
divides the frequency band of 2.4 GHz 1n two, one of which 1s
for the master A and the other 1s for the master B. The control
section 22 assigns a divided frequency band of 2402 MHz to
2440 MHz to the master A, and assigns a divided frequency
band of 2441 MHz to 2480 MHz to the master B. In this
example, 39 frequency channels are set for the master A, and
40 frequency channels are set for the master B. Since the
master A and the master B carry out the frequency hopping in
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the divided different frequency bands, frequencies used by a
piconet to which the master A belongs and a piconet to which
the master B belongs do not overlap. Therefore, 1t 1s possible
to prevent the collision of transmission signals.

FIG. 4C shows a state in which the frequency band 1s

divided into quarters. The control section 22 assigns a fre-
quency band o1 2402 MHzto 2421 MHz and a frequency band

of 2441 MHz to 2460 MHz to the master A, and assigns a
frequency band of 2422 MHz to 2440 MHz and a frequency
band of 2461 MHz to 2480 MHz to the master B. In this
example, the frequency band i1s divided into a number which
1s larger than the number of the masters, and a plurality of
divided frequency bands are assigned to each master. The
number of dividing the frequency band may be three, or may
be five or more. The 79 frequency channels, for example, may
be alternatively assigned to the master A and the master B,
according to odd-numbered channels and even-numbered
channels. In such a case, the frequency band 1s tantamount to
being divided into 79.

FIG. 4D shows a state in which interference occurs by a
signal from other equipment 1n the frequency band shown 1n
FIG. 4C. This state corresponds to a state in which a signal
frequency used by the equipment other than the Bluetooth
overlaps with part of the frequency band. In an example of the
drawing, part of the frequency bands from 2402 MHz to 2440
MHz become an 1nterference band. If communication 1s car-
ried out 1n this interference band, the probability of occur-
rence of communication failure 1s high as a matter of course.
In general, 1n a case that the communication failure occurs 1n
the frequency hopping spread spectrum, retransmitting pro-
cess would be carried out. During the operation of an appli-
cation requiring real-time communication, however, the
retransmitting process impairs the speed ol communication.
Thus, when the existence of the interference band 1s found
out, 1t 1s preferable to carry out communication by use of a
frequency band other than the interference band. For
example, the control section 22 may check up on signal 1nter-
terence 1n the frequency band by scanning, before assigning
the frequency band to each master.

In the case where the frequency band 1s divided to be
assigned to each master after the interference band 1s found
out, the control section 22 may divide a frequency band, from
which the interference band has already been excluded, into
plural. In the case where the existence of the interference band
1s recognized under a condition that the frequency band has
been already divided and assigned to each master, on the other
hand, the control section 22 needs to reset the frequency band
by excluding the frequencies of the interference band. The
latter case corresponds to a case where other equipment starts
communication in the same environment where the commu-
nication module 24 has already started communication and
the both communication areas are overlapped. In such a case,
subdividing the frequency band into many frequency bands in
advance, as shown 1n FIG. 4D, makes 1t possible to reduce the
possibility of occurrence of difference in the width of the
frequency bands assigned to each master. Taking a case where
the interference band occurs between 2402 MHz and 2440
MHz, if the frequency band 1s divided 1n two as shown 1n FIG.
4B, the band used by the master A 1s significantly reduced. If
the frequency band 1s divided 1nto quarters as shown in FIG.
4D, however, the band width used by the master A and the
band width used by the master B result 1n being approxi-
mately even, so that this 1s preferable to realize stable com-
munication.

According to the first embodiment, as described above, the
control section 22 divides the frequency band, and assigns the
divided different frequency bands to each master and corre-
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sponding slaves as frequency bands used by the master and
the slaves 1n the frequency hopping. Thus, 1t 1s possible to
prevent the collision of signals between the piconets, and to
realize real-time signal transmission. This embodiment 1s on
the precondition that there are two masters, but the frequency
band 1s similarly divided it three or more masters exist. To be
more specific, when there are three masters, the 79 channels
may be divided mto three, that 1s, 26 channels, 26 channels,
and 27 channels. When there are four masters, the 79 channels
may be divided into quarters, that 1s, 19 channels, 20 chan-
nels, 20 channels, and 20 channels. Each master generates a
hopping pattern within a range of assigned frequency chan-
nels, and carries out wireless communication by the fre-
quency hopping. When a lower limit of the number of hop-
ping, that 1s, a lower limit of the number of frequency
channels 1s determined, the frequency band 1s divided so as to
satisty the lower limiat.

In a second embodiment, a hopping pattern used by at least
one master 1s generated on the basis of a reference hopping
pattern or a reference spread spectrum code. In this embodi-
ment, the other masters also use the hopping pattern whose
phase 1s shifted with respect to the hopping pattern used by
the one master. Since the single hopping pattern i1s used by
shifting i1ts phase, communication frequencies used in the
respective piconets do not temporally overlap with each other,
and hence 1t 1s possible to prevent the collision of signals.

FIG. 5 shows a hopping sequence used by each piconet.
This drawing takes a case where a master A communicates
with a slave A and a master B communicates with a slave B as
an example. The master A generates a hopping pattern on the
basis of 1ts own address information, and the slave A also
generates a hopping pattern on the basis of the address infor-
mation of the master A. In the second embodiment, this hop-
ping pattern 1s called a reference hopping pattern. The control
section 22 informs the master B of the address information of
the master A.

The master B generates a hopping pattern on the basis of
the address information of the master A. The generated hop-
ping pattern 1s the same as the reference hopping pattern. In
other words, the address information of the master A 1s a
spread spectrum code common to the master A and the master
B. The master B informs the slave B of the address informa-
tion of the master A, and the slave B also generates the
reference hopping pattern on the basis of the address 1nfor-
mation of the master A. Each master and the associated slave
connected to the master have the common reference hopping
pattern, as described above.

The mater B uses a hopping pattern whose phase 1s shifted
from the reference hopping, pattern, so as to prevent the
hopping pattern from overlapping with the reference hopping
patter used by the master A 1n time. In an example shown 1n
FIG. 5, the master B delays the phase of the reference hopping
pattern by two slots with respect to that of the master A. The
control section 22 sets the amount of delay shorter than one
period of the hopping pattern, and the master B delays the
phase of the reference hopping pattern on the basis of the
amount of delay informed from the control section 22. The
master B 1tself may already have the amount of delay. Since
cach master and each associated slave use the same hopping
pattern by shifting 1ts phase, as described above, 1t 1s possible
to prevent the overlap of used communication frequencies.
Themaster B may generate the hopping pattern on the basis of
the address information from the master A, but may receive
the hopping pattern generated by the master A through the
control section 22. The master A informs the master B of
hopping start timing through the control section 22, so that 1t
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1s possible to realize the frequency hopping, the phases of
which are shifted to each other.

In a third embodiment, a hopping pattern used by at least
one master 1s generated on the basis of a reference hopping
pattern or a reference spread spectrum code. In this embodi-
ment, the hopping pattern used by one master 1s set as a
reference, and the other masters use hopping patterns which
are obtained by offsetting the reference hopping pattern by
predetermined frequencies. The amount of offset 1s set to the
extent that interference with the reference hopping pattern
does not occur, and the amount of offset 1s 1 MHz or more in
the case of the Bluetooth. By using the reference hopping
pattern and the hopping patterns whose frequency bands are
olfset by the predetermined amounts from the reference hop-
ping pattern, communication frequencies used 1n the respec-
tive piconets do not overlap with each other, so that it 1s
possible to prevent the collision of signals.

FIG. 6 shows a hopping sequence used 1n each piconet.
FIG. 6, as 1n the case of FIG. 5, takes a case where a master A
communicates with a slave A and a master B communicates
with a slave B as an example. The master A generates a
hopping pattern on the basis of its own address information,
and the slave A also generates a hopping pattern on the basis
of the address information of the master A. This hopping
pattern 1s called a reference hopping pattern. The control
section 22 imnforms the master B of the address information of
the master A.

The master B generates a hopping pattern on the basis of
the address information of the master A. This hopping pattern
1s the same as the reference hopping pattern. Then, the master
B oflsets the reference hopping pattern by the predetermined
amount of frequencies. The master B uses the offset reference
hopping pattern as its own hopping pattern. The master B
informs the slave B of the address mmformation of the master
A and the amount of offset. The slave B also generates the
reference hopping pattern on the basis of the address infor-
mation of the master A, and oflsets the reference hopping
pattern by the predetermined amount. In such a manner, each
master and the associated slave connected to the master have
the hopping pattern which does not temporally overlap with
others.

The master B uses the oflset reference hopping pattern
while the master A uses the reference hopping pattern in a
manner that the timing when the master A uses the reference
hopping pattern and the timing when the master B uses the
offset reference hopping pattern are synchronized with each
other and thereby the same frequency channel 1s not utilized
simultaneously by the master A and the master B. The amount
of oflset 1s set by the control section 22, and the master B 1s
informed of the amount of offset. Otherwise, the master B
may have the amount of offset 1n advance. Since the master B
uses the reference hopping pattern by offsetting it by the
predetermined amount, as described above, 1t 1s possible to
prevent the overlap of used communication frequencies. The
master B may generate the hopping pattern on the basis of the
address information from the master A, but may receive the
hopping pattern generated by the master A through the con-
trol section 22. When a communication frequency in the
hopping pattern, to which the amount of offset 1s added, goes
out of a used frequency band, the communication frequency
1s corrected so as to fit in the frequency band.

A lower limit and an upper limit of a frequency channel are
represented by F_andF . respectively, and the amount of
offset is represented by F_ - (0O<F, ;). When a value (F+F )
which 1s the sum of the frequency channel F (F, ,,— 7= r,.:)
and the amount ot offset I _1s equal to or smaller than F,
(F+F ,=F, ..), the master B can use a frequency channel of
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(F+F,z) When (F+F ) 1s larger than ¥, (F+F_>F, ), on
the other hand, a carrier frequency 1s changed into (F+F -~
(F__ —F __13) in order to correct the commumnication fre-
quency so as to fit 1 the predetermined frequency band.
Theretore, when the amount of offset 1s added to the reference
hopping pattern within the predetermined frequency band, 1t
1s possible to properly fit the communication frequency 1n the
predetermined frequency band. Also, 1t 1s possible to prevent
the overlap use of a frequency 1n the piconets.

In a fourth embodiment, a hopping pattern used by at least
one master 1s generated on the basis of a reference hopping
pattern or a spread spectrum code. In this embodiment, one
master sets a frequency channel from bit data assigning a
frequency channel, that 1s, the spread spectrum code. The
other masters set frequency channels on the basis of bit data,
to which the original bit data 1s inverted. Therefore, commu-
nication frequencies used by each master do not overlap at the
same timing, and hence it 1s possible to prevent the collision
of signals.

When a parallel signal sequence imnput into the DDS circuit
1s “0100101,” for example, the hopping frequency becomes
45 MHz as described above. On the other hand, a hopping
frequency with respect to mverted bit data 1011010~
becomes 82 MHz, so that these hopping frequencies are nec-
essarily different from each other. Inverting the bits of the
spread spectrum code, as described above, makes it possible
to set frequency channels different from each other 1n a pico-
net of amaster A and 1n a piconet of a master B. As 1n the case
of the foregoing embodiments, the master B 1s informed of
the spread spectrum code of the master A through the control
section 22, and the master B inverts the bits of the spread
spectrum code. This method 1s also available in environment
except of the Bluetooth. When this method 1s used 1n the
Bluetooth to which 79 channels are assigned 1n Japan, how-
ever, the inverted hopping frequency has to be corrected so as
to be properly included 1n a frequency band.

FIG. 7 shows frequency channels of the two masters in
inverting the bits. In this case, the spread spectrum code 1s
represented by sequential three bits of a PN code. The PN
code shifts one bit-by-one bit with a lapse of time. FIG. 7A
shows a frequency channel of the master A varying with a
lapse of time, and FIG. 7B shows a frequency channel of the
master B varying with the lapse of time.

As shown 1n the drawings, by mverting the bits of the
spread spectrum code, the frequency channels of the master A
and the master B always differ from each other. Therefore,
communication frequencies used by the respective masters do
not temporally overlap with each other, and hence it 1s pos-
sible to prevent the collision of signals.

Up to this point, the present invention has been described 1n
conjunction with the embodiments thereof. These embodi-
ments are given solely by way of illustration. It will be under-
stood by those skilled in the art that various modifications
may be made to combinations of the foregoing components
and processes, and all such modified examples are also
intended to fall within the scope of the present invention. The
embodiments are mainly related to the Bluetooth, but the
present invention 1s not limited thereto. The present invention
1s applicable to communication environment using the fre-
quency hopping spread spectrum. It 1s preferable that the
present invention be applied to, for example, an AV transmis-
sion system requiring high speed. The 79 channels are
assigned to the Bluetooth 1n Japan, but there are countries 1n
which only a few tens channels are assigned thereto. In such
countries, the collision of signals could often occur in an
environment where there are a plurality of masters, so that the
present invention 1s effectively applied.




US 7,620,372 B2

11

In the foregomng embodiments, a hopping pattern 1s con-
trolled by a master. A slave, however, may control the hopping
pattern. For example, the slave sends a hopping pattern
change request to the master, and the master gives permission
for the request. Upon receiving the permission, the slave
sends a new hopping pattern to the master, and the master
broadcasts that hopping pattern to the other slaves belonging,
to 1ts own piconet. Accordingly, 1t 1s possible to achieve
commonalty of the hopping pattern 1n the piconet, under the
initiative of the slave.

AFH (adaptive frequency hopping) 1s stipulated in the
Bluetooth, and measures for reduction in mutual interference
with a system, which does not carry out the frequency hop-
ping, 1s planed to be adopted. In such a case, the reference
hopping pattern in the foregoing embodiments becomes a
hopping pattern after the application of the AFH, and there-
fore, 1t becomes possible to realize proper frequency hopping
on the basis of this reference hopping pattern, as described
above.

Furthermore, in the foregoing embodiments, a frequency
channel used by each master 1s properly set. The control
section 22, however, may have a plurality of prepared hop-
ping patterns which do not overlap with one another in
advance, and provide the hopping patterns to respective mas-
ters. The control section 22 may obtain hopping patterns
generated by respective masters, and permit each master to
use the hopping pattern, when the use of the hopping pattern
reduces the collision probability of signals, as compared with
a case where the plurality of masters carry out the frequency
hopping without being controlled. Ideally, 1t 1s preferable that
the hopping patterns do not overlap with each other. When the
frequency bands of the hopping patterns temporally overlap,
cach master may be informed of 1t, and may be commanded to
regenerate a new hopping pattern.

What 1s claimed 1s:

1. A communication device comprising:

a first master module and a second master module, the first
master module and the second master module are
capable of a wireless connection to a first slave module
and a second slave module, respectively, by frequency
hopping spread spectrum; and

a control section which controls frequency hopping of at
least one of the master modules, wherein

the first master module generates a first hopping pattern
based on a spread spectrum code of the first master
module;

the control section informs the second master module of
the spread spectrum code of the first master module; and

the second master module generates a second hopping
pattern based on the informed spread spectrum code of

the first master module by setting a frequency channel
determined by bit data obtained by inverting bit data

designating a frequency channel of the first hopping
pattern.

2. The communication device according to claim 1,

wherein the first master module generates the first hopping
pattern by using bit data obtained from the spread spec-
trum code of the first master module, and

wherein the second master module generates the second
hopping pattern by using bit data obtained by 1nverting
bit data of the spread spectrum code of the first master
module.

3. A communication device comprising;:

a first master module that 1s capable of wireless connection
to a first slave module by frequency hopping spread
spectrum;
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an attachment section which attaches a second master
module that 1s capable of wireless connection to a sec-
ond slave module by frequency hopping spread spec-
trum; and

a control section which controls frequency hopping of at
least one of the first master module or the second master
module wherein

the first master module generates a first hopping pattern
based on a spread spectrum code of the first master
module;

the control section informs the second master module of
the spread spectrum code of the first master module; and

the second master module generates a second hopping
pattern based on the informed spread spectrum code of
the first master module by setting a frequency channel
determined by bit data obtained by mverting bit data
designating a frequency channel of the first hopping
pattern.

4. The communication device according to claim 3,

wherein the first master module generates the first hopping
pattern by using bit data obtained from the spread spec-
trum code of the first master module, and

wherein the second master module generates the second
hopping pattern by using bit data obtained by mverting
bit data of the spread spectrum code of the first master
module.

5. A game machine comprising:

a first communication module and a second communica-
tion module, the first communication module and the
second communication module being capable of wire-
less connection to a first wireless controller and a second
wireless controller, respectively, by frequency hopping
spread spectrum; and

a control section which controls frequency hopping of at
least one of the first communication module or the sec-
ond communication module, wherein

the first communication module generates a first hopping
pattern based on a spread spectrum code of the first
communication module:

the control section informs the second communication
module of the spread spectrum code of the first commu-
nication module; and

the second communication module generates a second
hopping pattern based on the mnformed spread spectrum
code of the first communication module by setting a
frequency channel determined by bit data obtained by
inverting bit data designating a frequency channel of the
first hopping pattern.

6. The game machine according to claim 5,

wherein the first communication module generates the first
hopping pattern by using bit data obtained from the
spread spectrum code of the first communication mod-
ule, and

wherein the second communication module generates the
second hopping pattern by using bit data obtained by
inverting bit data of the spread spectrum code of the first
communication module.

7. A game machine comprising:

a first communication module which 1s capable of wireless
connection to a first wireless controller by frequency
hopping spread spectrum;

an attachment section which attaches a second communi-
cation module which 1s capable of wireless connection
to a second wireless controller by frequency hopping
spread spectrum; and

a control section which controls frequency hopping of at
least one of the communication modules, wherein
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the first communication module generates a first hopping
pattern based on a spread spectrum code of the first
communication module;

the control section informs the second communication
module of the spread spectrum code of the first commu-
nication module; and

the second communication module generates a second
hopping pattern based on the informed spread spectrum
code of the first communication module by setting a
frequency channel determined by bit data obtained by
iverting bit data designating a frequency channel of the
first hopping pattern.

8. The game machine according to claim 7,

wherein the first communication module generates the first
hopping pattern by using bit data obtained from the
spread spectrum code of the first communication mod-
ule, and

wherein the second communication module generates the
second hopping pattern by using bit data obtained by
inverting bit data of the spread spectrum code of the first
communication module.

9. A method for controlling communication between mas-
ter modules and slave modules in an environment that
includes a first master module and a second master module,
the first master module and the second master module being,
capable of wireless connection to a first slave module and a
second slave module, respectively, by frequency hopping
spread spectrum, the method comprising:

generating, at the first master module, a first hopping pat-
tern based on a spread spectrum code of the first master
module;
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informing the second master module of the spread spec-

trum code of the first master module; and

generating, at the second master module, a second hopping

pattern based on the informed spread spectrum code of
the first master module by setting a frequency channel
determined by bit data obtained by inverting bit data
designating a frequency channel of the first hopping
pattern.

10. A computer program product, comprising a computer
usable medium having a computer readable program code
embodied therein, said computer readable program code
adapted to be executed to implement a method for controlling
communication between master modules and slave modules
in an environment that includes a first master module and a
second master module, the first master module and the second
master module being capable of wireless connection to a first
slave module and a second slave module, respectively, by
frequency hopping spread spectrum, the program comprising
executable instructions that cause a computer to:

generate, at the first master module, a first hopping pattern

based on a spread spectrum code of the first master
module;

inform the second master module of the spread spectrum

code of the first master module; and

generate, at the second master module, a second hopping

pattern based on the informed spread spectrum code of
the first master module by setting a frequency channel
determined by bit data obtained by mverting bit data
designating a frequency channel of the first hopping
pattern.
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